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Abstract. Delivering ecosystem services from rangelands represents a unique challenge. While social,
ecological and economic complexity and diversity often lend stability to rangeland systems, the broad array of
services, users and connections makes the process of identifying what services to manage for, which
management practices are most effective and how to deliver them challenging. In addition, lag times between
management changes and responses, climatic variability and changes in demand can further complicate
decision-making. We propose a structured process that includes: (1) inventory of existing conditions; (2)
identification of relevant scenarios; (3) stakeholder involvement; and (4) monitoring for verification based on
the unique nature of rangelands as complex socio-ecological systems. Our objectives are to improve the
quality of management planning and implementation by land managers, better inform the policies and
programs that assist managers and to enhance the credibility of delivery systems. The goal of this approach is
to improve sustainability by expanding the mix of ecosystem services rangelands can deliver and stabilizing
income to support people who depend on rangelands.
Keywords: State-and-transition-models, socioeconomic systems, stakeholder involvement.

Introduction
Rangelands and grasslands span a vast proportion of the
globe and, historically, their dominant economic use has
been the extensive raising of livestock under both private
and communal grazing systems (FAO 2006). While it is
increasingly well recognized that these lands can generate a
wide array of ecological goods and services (collectively
known as ecosystem services) to humankind, the strong
historical focus on the production of livestock and their
produce is largely due to the fact that existing market and
institutional arrangements generally encourage and reward
this activity. While considerable effort is being directed to
defining and quantifying the nature and level of all services
provided by the ‘natural capital’ of range landscapes, the
translation of this effort into the establishment of functional
markets and institutions remains relatively modest. Without
the supporting and rewarding structure of such markets and
institutions, range production will remain largely skewed
towards the narrower provision of grazing services and the
externalities associated with under provision of other
desirable ecosystem services will inevitably persist.
The relative price ratio for grazing services versus
alternative non-grazing services being skewed in favor of
the former is necessarily of significant concern for the
ecological impact on natural resource condition. Not only
can grazing conflict with the provision of many other
important ecosystem services but, in the absence of
profitable alternatives and in light of increased population
growth, from the perspective of private range managers, an
ongoing cost-price squeeze is placing considerable pressure
on them to actually increase the intensity of their livestock
© 2013 Proceedings of the 22nd International Grassland Congress

grazing activities thereby further increasing the scope for
conflict with other services and community interests.
The science and technology underlying the study of
rangeland-based ecosystem services has advanced to the
point that a more systematic approach is necessary to
define the broad scope of ecosystem services that are
potentially available from range landscape resources, allow
for comparative decisions and provide certainty to markets
if rangeland managers are to participate in formal markets
and the public is to benefit from a better mix of service
delivery. In particular, private land owners and managers
require a relatively transparent approach that will allow
them to reliably predict what ecosystem services can be
produced from a particular tract of land under various land
use and management regimes, what amounts of those
services can be reliably produced, and what are the tradeoffs of benefits and costs between various alternatives.
Decision-making
surrounding
various
land
management actions is typically based on reactions to a
mix of historical events, current conditions and perceived
future conditions. These ‘filters’ determine the types of
actions that people will take and the success or otherwise of
those actions. An inability to realistically detect and assess
market signals, link those signals to changes in operations
and effectively implement management responses will
severely constrain the ability of rangeland managers to
participate in and help create emerging markets. As a
general rule, manipulating the outputs and condition of
rangelands and grasslands is primarily achieved either
directly or indirectly by controlling populations of grazing
animals. Controlling either or both livestock and wildlife
1760
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populations in time and space is difficult and usually
requires substantial investments that necessarily carry
degrees of risk. Three key elements in assessing the nature
and magnitude of that risk are a well-developed
understanding of the main financial and ecological
processes, the framework of legal and social restrictions/
interactions and the inherent biophysical behaviour of
rangeland ecosystems.
With reference to the first key element, how well do
the individuals and institutions who develop and implement
policies, programs and management actions to promote and
enhance ecosystem service provision understand the basic
processes that are necessary to be successful? These
processes include not only the many biophysical
interactions across multiple spatio-temporal scales, but also
involve an ability to detect appropriate market signals
sufficiently far enough in advance to redirect relatively
slow responding ecosystems and operations. With respect
to the complexity of information required for sound
decision-making there has been substantial discussion,
resources and effort devoted toward developing and
organizing such information into accessible decisionmaking tools (Maynard et al. 2010, Karl et al. 2012).
Nevertheless, the reality is that rangeland-based socialecological systems are exceedingly complex and difficult to
understand, much less direct toward precise ecosystem
service outcomes (Brunson 2012). While there have been
intellectually appealing and logically sound approaches
proposed for developing the support systems to link
management actions to ecosystem services, the challenge is
real and progress will be slow (Bestelmeyer and Briske
2012). The immediate tasks are not to decide which of
several competing approaches for delivering ecosystem
services is best, but to develop a credible approach to
selecting appropriate decision-making tools, measurement
protocols and market mechanisms to insure that buyers,
sellers and the public are all well served (Brown and
MacLeod 2011). With respect to the timeliness of
information synthesis and decision-making, the notion of
‘thresholds’ and ‘lags’ are particularly important issues for
rangeland resource management. For example, these are
usually thought of as points beyond which changes of states
of some element may occur rapidly in response to various
pressures including those imposed by management. These
may also describe circumstances in which a state of inertia
may be eventually reached from which recovery becomes
exceedingly difficult. For example, many examples have
been observed of sustained levels of overgrazing shifting
range vegetation from highly productive to much less
productive states (see Briske et al. 2011), and instances of
local extinctions continuing to occur well beyond the time
that grazing pressure may have been reduced (e.g.
Woinarski et al. 2011). Figure 1 illustrates the lag in time
between the introduction, recruitment and establishment of
an invasive shrub (Acacia nilotica) in central Queensland.
Within the first five years after the introduction of Acacia
nilotica seed, seedlings have been established and are
capable of surviving drought, grazing and fire. However,
there is little effect on forage production or livestock
performance. As juvenile shrubs increase in size and
cover, forage production declines slowly, until ultimately
forage supply is reduced and livestock performance suffers.
© 2013 Proceedings of the 22nd International Grassland Congress

Figure 1. The interactions among shrub cover, forage
production and livestock performance over a 25 year time
period in the Mitchell Grasslands of central Queensland.
Redrawn from Brown et al. 1998).

Management practices (broad-scale burning, individual
juvenile treatment) to reduce the impact of shrubs are most
effectively applied during the first 2-3 years, but have little
direct effect on forage supply at that point and may actually
require the sacrifice of some short term access to forage
(Brown and Carter 1998). Whether the ecosystem service
of interest is forage, meat, wool, erosion control, soil
carbon stability, wildlife habitat or recreational tourism, the
ecological principles and management practices for the
maintenance of grassland function applies. Likewise, the
time lags between the ecological threshold and economic
impact threshold are largely the same.
The second key element in assessing the nature and
magnitude of risk asks, what are the legal and social
restrictions or incentives for the implementation of
management practices and technologies that might
otherwise enhance the provision of an optimal mix of
ecosystem services from privately managed rangelands?
For example, it is generally understood that decision
makers will respond positively to strong and clear market
signals and this, as noted before, is clearly the case with
dominant selection of livestock production activities in
most rangeland regions. It is also the basis for using
additional financial incentives such a price subsidies and
grants to promote wider provision of conservation activities
such as clean water legislative initiatives in the USA (Clean
Water Act of 1972, the Rural Clean Water Program of
1980) and Landcare and Envirofund grants in Australia.
For instance, concerns about the quality of surface water in
many rural and semi-rural areas have spawned the
implementation of a variety of voluntary, incentive-based
conservation planning approaches to encourage private
landowners to adopt more sustainable management
practices (Larson et al. 2005). Although participation in the
various incentive schemes is nominally voluntary, the
accompanying threat (both real and perceived) of future
regulation is a powerful motivator for program participants
and generally requires the implementation of a host of
practices that improve ranch-level economic performance
and watershed-scale wildlife habitat in addition to water
quality. Well designed and implemented programs can
have multiple ecosystem service benefits and provide a
1761
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much higher benefit to cost return than are identified with a
narrow economic analysis (George et al. 2011). However,
and despite good intentions, some poorly designed
incentive schemes can lead to seemingly perverse behavior
such as clearing of native trees to make way for new tree
plantations under carbon offset schemes that disallow the
crediting of the sequestration capacity of existing tree
stands. As a note of caution, some market signals may be
both strong and well-understood, but responding to them
would likely violate contemporary legal (i.e. endangered
species habitat, air and water quality) and social (i.e. odor,
aesthetics) restrictions. One example is provided by
concessional income tax write-offs for expenditures on fuel
and machinery operations that are associated land
development activities that include vegetation clearing and
wetland drainage with subsequent loss of habitat and
biodiversity services.
An example of a perverse
consequence of an otherwise well-intended legislated
control instrument is provided by the imposition of
development restrictions on landholders under the US
Endangered Species Act. While this instrument may have
positive effects for wildlife generally, it can also encourage
pre-emptive habitat destruction by private landowners who
fear losing the use of their land because of the presence of
an endangered species and may even lead to deliberate
killing of some endangered species to avoid their discovery
(Lueck and Michael 2003, Kroeger et al. 2010).
The impact of conservation incentive and regulatory
schemes is of considerable importance, and in some
instances, highly formalized regulatory and incentive
programs may have economic impact beyond the target
lands because of the high rates of adoption of prescribed
land use and management practices or the abandonment of
proscribed activities. For example, the Conservation
Reserve Program (CRP), instituted in 1985 by the U.S.
Congress, has had positive impacts on wildlife habitat and
soil erosion. But, the removal of even marginal land from
production of commodity crops has had substantial impact
on local and regional economies (Sullivan et al. 2004). In
the very short term, farm-related businesses (seed,
fertilizer, implements, fuel) suffered, but other businesses
(outdoor recreation) expanded and offset the negative
impacts in the medium term. Although the economic
tradeoffs are relatively well-documented for both negative
and positive incentive-based conservation programs, there
has yet to be a systematic and comprehensive approach that
will project what the trade offs are likely to be in terms of
ecosystem services (Sullivan et al. 2004). In developing
countries, changes in land use and management practices
may occur at a rate much more frequent than more stable
regions (Herrick et al. 2012). These shifting patterns of
land use, management and production goals generally occur
in extremely complex spatial patterns and can dramatically
affect the provision of ecosystem services beyond the
readily apparent market-place of food and fibre.
Finally, the biophysical realities of rangeland
ecosystems can greatly limit the kinds of ecosystem
services that can be provided and the speed with which
managers can actually respond to market signals.
Opportunities for the remedial manipulation of rangelands
and grasslands are extremely limited and invariably highly
© 2013 Proceedings of the 22nd International Grassland Congress

context dependent (MacLeod and Noble 2001). Inputs are
primarily in the form of management of ecological
processes including, for example, use of prescribed fire and
seasonal application or restriction of grazing
Range
remediation practices that rely on fossil fuel based inputs
are generally too expensive in relation to the nature and
magnitude of short-term outputs in mesic areas and seldom
effective in arid and semi-arid area (Noble et al. 1997).
Although an ability to provide some ecosystem
services (heritage, cultural) may appear to be relatively
simple, the physical and financial infrastructure that may be
necessary to profitably do so requires considerable
commitment of both time and money, especially on the part
of private land managers (Pannell 2001). The extensive
nature and low intensity of soil disturbance of rangeland
ecosystems have encouraged private landholders, policymakers and researchers to promote the possibility of
rangeland soil carbon sequestration as a component in
greenhouse gas emission reduction programs (Brown and
Sampson 2009). Initial attempts to develop global, national
and project scale frameworks to allow participation of
rangelands in GHG offset programs have suffered from all
of these challenges (deStieger 2008, Gosnell et al. 2011).
The Chicago Climate Exchange (CCX) was formed in 2004
to test a variety of models for the voluntary reduction of
GHG emissions through improved business practices or
offset trading (CCX 2009). The CCX organizers wished to
include as many of the possible sources of GHG emission
and sequestration as possible and actively sought advisors
and participants for the formation of a rangeland grazing
management offset program. Although low prices and
political uncertainty hampered the participation of private
landholders, CCX enrolled over 3 million ha in the western
U.S. Initial enthusiasm was quite high among land owners,
but the challenges of developing and adhering to project
level requirements for verification and validation protocols
proved overly onerous for most. In particular, the need for
an aggregator entity that could organize landowners,
implement verification protocols to insure compliance with
defined best management practices and provide credible
validation of the assumptions behind the management
practices and their link to soil carbon dynamics proved to
be the most challenging aspect of project execution
(Gosnell et al. 2011). In addition, the five-year contract
period was far shorter than required to provide credible
measurements of changes in soil carbon in response to
management practices (Booker et al. 2013). In discussion
with the aggregators, one of the major challenges in
organizing projects was the lack of a comprehensive system
that would allow potential participants to identify pathways
from current conditions to the provisions of new ecosystem
services and the management practices, timeframes and
economic risk analysis associated with the changes in
management (deStieguer et al. 2008).

Some Key Questions
How do we translate changing market signals into changing
management? Market signals for some ecosystem services
associated with rangelands are clear and relatively rapid. In
particular, for many of the provisioning services which
include production of livestock, meat and fibers, we have
1762

Rangeland ecosystem services

previously observed a very strong set of ‘signal to action’
linkages in operation across most rangelands. (The
Millennium Ecosystem Assessment (2005) defined
ecosystem services in four broad categories: provisioning,
regulating, cultural and supporting). For some other
provisioning services of rangelands, such as a repository of
genetic material of use for recovery plantings in degraded
pastures (Whisenant 1999) and sites for energy extraction
(oil, gas, solar, wind) or supporting infrastructure (Doherty
et al. 2011), markets and delivery networks are less
developed but are emerging along with defined standards
and regulatory procedures. The market signals for the other
major ecosystems service categories including the so-called
regulating, cultural and supporting services, are generally
weaker because with few exceptions they are inherently
more difficult to define, measure and value (Brown and
MacLeod 2011). Nevertheless, significant attempts are
being directed to establish quasi market for these services,
such as the successful Bush Tender scheme now operating
in southern Australia through which public land and water
resource conservation agencies employ an open tender
system to purchase conservation set asides (‘habitat
hectares‘) of significant native vegetation from ranchers for
defined periods (Whitten and Shelton 2005). However,
even for the relatively tangible provisioning services, the
response times between implementing management actions
to achieving observable service outcomes are generally
comparatively slow. For example, the time required to
convert range enterprises to new operating systems (sheep
to cattle), build new tourism infrastructure, organize a
carbon sequestration project or improve wildlife habitat
with prescribed burning, seeding and replanting is seldom
less than 5 years even when climatic conditions are
favorable. In fact, the suggestion has been made (Booker et
al. 2013) that the time frame for rangeland-based
ecosystem service projects should be on the order of
decades rather than years.
For a particular ecosystem service, class of ecosystem
services or combination of services, an obvious question
becomes ‘where do we most effectively produce those
services and where should we concentrate our management
efforts’? Clearly, the strong emergence of landscape and
regional ecology as a science has taught us that the way
that landscapes are spatially arranged can have a
tremendous impact on the provision of a wide variety of
ecosystem services (Ludwig and Tongway 1997).
Hierarchically, the fields, farms and catchments are
building blocks that ultimately determine the amount of
ecosystem services. In many cases, the actual amount of
particular soil, vegetation or management attributes held
within a landscape are eclipsed by the spatial arrangement
of those attributes across the landscape. Therefore,
regardless of how they are eventually identified and valued,
a significant challenge for establishing effective reward and
penalty schemes to enhance the provision of ecosystem
services from range landscapes is being able to attribute
clear linkages between the level and timing of management
inputs and specific site outcomes. Private land managers
will expect to be rewarded for their efforts and risks, and
equity would demand that such rewards are in line with the
quality of the services that are actually being provided. The
challenge then is to determine the capacity of a given unit
© 2013 Proceedings of the 22nd International Grassland Congress

of rangeland or grassland to provide a particular ecosystem
service or suite of services, identify the benefits and
beneficiaries of those services, and cost-effective systems
of measurement and monitoring.

A systematic approach to decision-making for
ecosystem services
The complexity of integrating social, economic and
ecological information into decision-making with credible
outcomes demands a systematic approach to insure
transparency, repeatability and post-hoc analysis. While
the 4 steps we propose below are critical in terms of the
chronology and relationships, there are a variety of ways of
to achieve the objectives at each step. The challenge is to
make sure that information is compatible in detail and
timeframe. We propose these steps and procedures:
• Inventory initial conditions at a management relevant
scale (i.e. soil, climate, vegetation, hydrology and
topography)
• Through the use of graphic and mathematical models,
develop scenarios of potential ecosystem services, the
management required and impacts on the ecosystem
functions underpinning ecosystem services.
• Using the information generated in steps 1 and 2,
implement a stakeholder centered process to identify
the most likely scenarios and develop ecosystem
service delivery mechanisms (projects) and
management practices to achieve the identified goals.
• Develop monitoring, verification and validation
protocols that meet the needs of property, project,
national and international level rules and regulations.

Describing spatially explicit initial conditions
The basis for this approach begins with using state and
transition models unique to each ecological site
(Bestelmeyer et al. 2004) to define the range of potential
ecosystem services that a site has the capacity to generate.
An ecological site is the finest scale delineation of similar
land types available. For each site, a variety of current
states are possible, depending on past land use,
management and weather. Each state represents a unique
combination of ecological processes (hydrology, energy
and nutrient flows) resulting in specific soil:vegetation
combinations. These particular soil:vegetation combinations result in a unique combination of ecosystem services
(Havstad et al. 2007). Although site behavior is often
determined by processes at finer scale (vegetation patches)
and many ecosystem services only emerge at coarser
scales, the site scale is the most cost-efficient building
block for this type of analysis (Bestelmeyer et al. 2011).
Management units (paddocks, pastures) frequently contain
more than one ecological site, but the extensive nature of
rangeland use and management precludes the utility of finer
scale maps. A state-and-transition model unique to each
site (climate, soil, geomorphic position) describes in detail
the stable soil:vegetation relationships, the ecological
characteristics and defining processes of each state and the
changes in ecological processes and management practices
necessary to change state. Figure 2 depicts the conceptual
relationships from the Acacia nilotica increase in Figure 1
1763
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Figure 2. A graphic state and transition model for a Mitchellgrass Plains site. Ecological processes and ecosystem services
derived from State A and State B are substantially different both in the expectations of products and services and in the
management required to extract and maintain those services (estimates of shrub densities and ecosystem services from McArthur
et al. 1994, Whiteman and Brown 1998 and Brown and Carter 1999).

into
a
more
detailed
state-andtransition model that also describes the changes in
management and the relative level of ecosystem services
for each state. Although this is a simplified example, the
process for more complex sites and ecosystems is relatively
well defined (Brown and MacLeod 2011). For these sites,
as shrub cover increases: forage production and livestock
performance decrease; soil carbon remains relatively stable,
but aboveground carbon increases and ground nesting
mammal habitat decreases.
From a map of ecological sites with multiple states, we
can develop a range of ecosystem service maps using
models with coarser scale outputs that will allow us to
explore potential interactions among the basic components
(Fig. 3; Brown and Carter 1998). While this example was
chosen specifically because of its relative simplicity and
availability of existing information, recent examples from
much more complex landscapes (Steele et al. 2012)
illustrate how a variety of changes in plant community
attributes can be mapped and assessed for their ecosystem
service implications, and for the management responses
necessary to move from state to state.

Predicting ecosystem services under different
scenarios
An extension of the state-mapping approach can also be
used to make initial assessments of the time frame and
management actions that are necessary to realize different
types and levels of ecosystem services, the trade-offs
among services for a given management action and what
© 2013 Proceedings of the 22nd International Grassland Congress

1974

1994

Figure 3. A map of the ecological states in a Mitchell grass
landscape in 1974 and 1994. Figure from Brown and Carter
1998. State A (grassland dominated) is white, State B
(Shrubland dominated) is black. Cell size is approximately
60 x 60 m.

sort of supporting, monitoring and regulating policy
provisions and programs are required. Some ecosystem
services are highly site specific with little influence on
their provision from the land use and management at
surrounding sites (i.e. carbon sequestration), while others
may only emerge at landscape scales (i.e. water quality)
and may depend closely on the spatial arrangements of
ecological units at larger catchment or regional scales (i.e.
wildlife habitat corridors). The spatial integration of site1764
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specific information can be accomplished by building and
integrating hierarchical models and is unique to each
service and scale (Bestelmeyer et al. 2011, Karl et al.
2012).
Identifying the potential types and scope of ecosystem
services that a given spatial unit (paddock, property,
catchment, region) can generate presents many significant
challenges, as we have already observed. Identifying actual
service provision by identifying beneficiaries and placing
specific monetary or social values on those services
remains a greater challenge despite a growing commitment
of theoretical and practical effort to the task (Murtough et
al. 2002; MacLeod and Brown 2011). This is necessarily
the case because ecosystem services often provide a mix of
‘market’ and ‘non-market’ benefits which may be further
apportioned into ‘use’ and ‘passive’ values (Kroeger and
Casey 2007). Related to the possession of ‘market values is
also the issue of many ecosystem services having attributes
of public good’ and the ability of private range managers to
capture economic benefits for services they provide (e.g.
Murtough et al. 2002).
Theoretically, the value of a piece of rangeland is
determined by the net sum of the value of all the ecosystem
services that derived from that piece of land. Some
ecosystem services (e.g. livestock production) are relatively
easy to measure (i.e. number of animals sold and their
weight at auction) and value (i.e. livestock prices); some
are difficult to measure (e.g. carbon sequestration), but easy
to value (i.e. global market prices); some are easy to
measure (e.g. crop genetic diversity), but difficult to value
(i.e. cultural significance) and some are both difficult to
measure and value (e.g. water yields). The challenge for
the range and grassland research and management
profession in the coming decades is to develop transparent
systems for measuring rangeland ecosystem services and
communicating those measures to the public, policymakers and individual land owners and other residents. In
some cases, identifying beneficiaries and the value of even
precisely measured ecosystem services will be transparent,
but for many others the value will always remain in the eye
of the beholder and will change over time, especially where
the services embody significant social or cultural values
(e.g. landscape aesthetics, species existence values).
However, to avoid problems of double counting,
identifying benefits and beneficiaries is important to
isolating intermediate services (e.g. nutrient cycling,
habitat provision) to the provision of more tangible
environmental products and services (e.g. crops, hunting
opportunities: Kroeger and Casey 2007).
Not all environmental resources provide both market
and non-market benefits and, regardless of joint possession
of these benefit types, the relative scale of market and nonmarket benefits from particular tracts of rangelands will
vary according to a variety of factors, including the size
and richness of the local resource endowment, ecological
health of the resources in situ, local land uses, adjacent land
uses and opportunities for substitutes to provide similar
services. One very important consideration is that while
non-market benefits from natural ecosystems do present
challenges for valuation, the limited available studies of
broad-acre agricultural landscapes consistently suggest that
these benefits may be substantial (e.g. Lockwood et al.
© 2013 Proceedings of the 22nd International Grassland Congress

2000) and the continued pursuit of appropriate valuation
techniques is worthwhile to promote optimal rangeland and
grassland resource use.

Implementing a stakeholder-centered process
In the establishment and adoption of markets and
institutions for rangeland ecosystem services, prioritization
of ecosystem services occurs at two stages and scales. Each
stage and scale of prioritization may require a different set
of criteria corresponding to the prevailing dynamics that
reflect the context of decision making, including the three
key elements in assessing the nature and magnitude of risk
(Nkem et al. 2008, Brown and Macleod 2011). To develop
prioritization criteria, the first question required to be
answered at any scale is, 'what is to be prioritized and for
what reason?' For example, are we prioritizing the
magnitude of specific individual or bundles of ecosystem
services (the output of ecosystems), the state of ecosystems
(the asset), or the change in output and/or state of the
system?
One stage of the prioritization process occurs at the
institutional scale (e.g. national, state, regional) which,
(after responding to market signals) develop policies, plans
and programs prioritizing which ecosystem services
rangeland managers will be rewarded for managing or be
penalized for impacting on (e.g. through setting land-use
zones, incentive programs, standards setting, best
management practice, fines). This process spatially
prioritizes the landscape and defines which range managers
'can' potentially participate in markets and programs. It is
important ecosystem service prioritization at the
institutional scale is considered within the context of other
policies and/or goals. For example, if policy goals are
energy related (e.g. biofuel production), a different
prioritization of ecosystem services (and therefore criteria)
may be applied than if goals were health related (e.g.
providing recreational opportunities to combat obesity).
Prioritization also occurs at the site scale when steps 1
and 2 of the systematic approach have been completed and
the potential service provision, required management
actions and impacts on ecosystem functions have been
identified. This stage prioritizes which range managers
'will' potentially participate in markets and therefore which
ecosystem services will be managed and where. It is argued
the participation of rangeland managers in markets is based
on previous involvement in incentive programs, the threat
(real and perceived) of future regulation, land manager
understanding of opportunity costs, risks and restoration
costs associated with property management and ecosystem
service provision (Brown and Macleod 2011).
Prioritization criteria for a systematic approach to
priority setting need to be transparent, independent of each
other and sensitive to market signals (Nkem et al. 2008,
Brown and Macleod 2011, Maynard et al. 2012). The
(environmental, social and economic) criteria for
prioritizing ecosystem services as identified by Nkem et al.
(2008), the European Academies Science Advisory Council
(EASAC 2009), Egoh et al. (2010), Haines-Young (2011),
Hein (2011), Luck et al. (2012) and Ambrose-Oji and
Pagella (2012) have been synthesized, expanded on and
presented in Table 1 to provide some example prioritization
1765
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Table 1. Example prioritization criteria for ecosystem services at institutional and site scales.
Example Prioritization Criteria
Institutional Scale
Alignment with policies and programs at larger geo-political scales
(e.g. Kyoto Protocol, Convention on Biological Diversity)
Currently available knowledge or evidence
Potential for capacity building
Available expertise
Availability of broadly accepted methods for collecting and
analyzing data and information on ecosystem services
Knowledge of the severity and time frame of management practices
on expected impacts on ecosystem services
Cost effectiveness of assessment, monitoring and reporting
Reported success of other natural resource management (including
incentive) programs
Landscape connectivity / networks
Criticality - ecosystem services essential for existence
Ecosystem service vulnerability/ irreversibility
Proximity of ecosystem services to people
Ecosystem services benefiting vulnerable communities
Ecosystem service scarcity
Technological substitutions
Potential to build on other programs and policies
Ability to scale up site scale estimates of ecosystem services to larger
scales
The opportunity to pool resources in addressing a common problem
The economic importance of ecosystem services
If the service is a final or intermediate ecosystem service
Possibility to influence environmental and/or economic policy and
decision making
Resource and technical feasibility

Site Scale
Sensitivity to environmental change
Resources under particular threat from rangeland activities
Cultural management preferences
Underpinning the most important economic activity (e.g. livestock
production, biofuels)
Current financial position and projected position (based on scenarios)
Level or risk to current profitability
Level of irreversible risk to current profitability
Ability to generate new knowledge of the site for better management
Scale of rangeland operation
Do-ability (data, methods, paperwork)
Educational level of land manager

criteria at the institutional and site scales. Nkem et al.
(2008, p. 18) say the 'basic requirements for prioritization
are sound reasoning, competent technological and socioeconomic analysis, and unbiased judgement'.
As the ecosystem services concept puts human
wellbeing at the central focus of assessments, the primary
goal of prioritization criteria should be to connect site scale
ecological information with management actions that will
enhance private and public benefiting ecosystem services
that contribute to human well-being (MA 2005, Nkem et al.
2008). Identifying benefits and beneficiaries of each
ecosystem service and not just what, for example, research
scientists, federal government, land managers or industry
believe are of value, are important to determining final
ecosystem services, limiting double-counting, and
developing policies and programs contributing positively
and equitably to human well-being (Boyd and Banzhaf
2007, Nkem et al. 2008, Fisher et al. 2009, Johnston and
Russell 2011, UK NEA 2011, Haines-Young 2011, Nahlik
et al. 2012). The ecosystem services prioritized highly by
these decision-makers may simply be those we know the
most about, those easiest to value, those not necessarily
important to others or politically biased. It is clear there is
incomplete understanding of the links between the 'value'
and ‘importance’ of ecosystem services to different people.
Integrating priorities at the institutional and site scale is
essential to ensuring rangeland production can respond to
(changing) market signals and institutional scale priorities;
© 2013 Proceedings of the 22nd International Grassland Congress

and so site scale priorities can inform and support the
development of rewards and markets at the scale of
institutions or ecosystem service provision. Without this
exchange of information, range production will remain
largely skewed towards the narrower provision of grazing
services, limiting opportunities for range managers to reach
their full potential, and ultimately the contribution of
rangelands to maintaining or improving human well-being.
Integrating priorities involves a stakeholder-centred
process, an engaging and analytical process that allows for
identifying the most likely scenarios, acceptable trade-offs
and develops ecosystem service delivery mechanisms and
management practices to achieve the identified goals
(Cowling et al. 2008, Nkem et al. 2008, Maynard et al.
2012, Nahlik et al. 2012).
A stakeholder-centred process will promote dialogue
and include the (differing) interests of stakeholders for a
more balanced view as to the selection of criteria and which
ecosystem services should receive priority attention.
Determining an appropriate process to integrate priorities
needs to consider the time and resources available for the
actual prioritization process, including which stakeholders
should be involved and how stakeholders should interact?
The Millennium Ecosystem Assessment (2005) and others
(Cowling et al. 2008, Nkem et al. 2008, Maynard et al.
2012, Nahlik et al. 2012) highlight many benefits of
stakeholder-centred processes in developing and
prioritizing information on ecosystem services, including
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creating a sense of ownership, transparency of process,
consistency of approaches, obtaining consensus and social
learning (learning while doing). There are numerous
examples where participatory mapping and modelling have
been applied to successfully develop decision-making
tools, measurement protocols, develop scenarios, set
criteria, determine tradeoffs and build consensus (IFAD
2009, Nelson et al. 2009, Raymond et al. 2009). The
prioritization of ecosystem services is a dynamic process
that needs to be regularly reviewed and updated as new
knowledge emerges about the state of rangelands,
management actions, the potential to provide ecosystem
services and how this contributes to human well-being.

Designing verification and monitoring systems
A very real barrier to the widespread participation of
rangelands and rangelands managers in the emerging
ecosystem services markets are the lack of comprehensive
protocols for measurement, monitoring and verification
(Brown and MacLeod 2011). Because many of the most
potentially valuable rangeland ecosystem services are not
physically transported to a common market, protocols that
transparently link changes in management actions to
ecosystem service output are required (Maczko et al. 2011).
Although much of the literature linking management
actions to ecosystem process changes are logical, they are
not yet robustly quantified (see Briske 2011). Spatially
explicit description of soil:vegetation relationships are
necessary to support multi-scale models of ecosystem
behavior that will underlie a viable ecosystem service
market.
In this paper, we have presented several important
questions and challenges that must be resolved before
rangelands and the humans that occupy them can fully
participate in an ecosystem services market, and before
human societies can fully benefit from those services. We
have used examples from a variety of ecosystems, both
simple and complex, and with information that has been
generated over decades of study and observation for
reasons other than the measurement of ecosystem services.
Our goal has been to illustrate that the necessary
information is mostly available, general protocols have
been proposed and there are specific tools and techniques
that can support landowners and managers as they make
decisions about which ecosystem services to produce, how
to manage sustainably for those services and how markets
can credibly link buyers to sellers. The primary challenge
remaining for professionals is to apply, test, evaluate and
refine those tools and technologies to best serve the wide
variety of producers, consumers and the markets that link
them.

References
Ambrose-Oji B, Pagella T (2012). Spatial Analysis and
Prioritisation of Cultural Ecosystem Services: A Review of
Methods. Research Report, Forest Research. Alice Holt
Lodge Farnham, Surrey.
Bestelmeyer BT, Briske DD (2012). Grand challenges for
resilience-based management of rangelands. Rangeland
Ecology and Management 65, 654-663.
Bestelmeyer BT, Brown JR, Fuhlendorf SD, Fults GA, Wu XB
(2011). A landscape approach to rangeland conservation
© 2013 Proceedings of the 22nd International Grassland Congress

practices. In ‘Conservation Benefits of Rangeland Practices.’
( Ed DD Briske) pp 337-370. USDA NRCS Washington
D.C.
Bestelmeyer BT, Goolsby DP, Archer SR (2011). Spatial
perspectives in state and transition models: a missing link to
land management? Journal of Applied Ecology 48, 746-757.
Bestelmeyer BT, Herrick JE, Brown JR, Truillo DA, Havstad KM
(2004). Land management in the American Southwest: a
state-and-transition approach to ecosystem complexity.
Environmental Management 34, 38-51.
Booker K, Huntsinger L, Bartolome JW, Sayre NF, Stewart W
(2013). What can ecological science tell us about
opportunities for carbon sequestration on arid rangelands in
the United States. Global Environmental Change 23, 240251.
Boyd J, Banzhaf S (2007). What are ecosystem services? The
need for standardized environmental accounting units.
Ecological Economics 63, 616-26.
Briske DD (ed) (2011). Conservation Benefits of Rangeland
Practices: Assessment, Recommendations and Knowledge
Gaps. 429 pp. USDA Natural Resources Conservation
Service, Washington D.C. USA.
Briske DD, Derner JD, Milchunas DG, Tate KW (2011). An
evidence based assessment of prescribed grazing practices. In
‘Conservation Benefits of Rangeland Practices.’ (Ed DD
Briske) pp 23-74. USDA NRCS Washington D.C.
Brown JR, Carter JL (1998). Spatial and temporal patterns of
exotic shrub (Acacia nilotica) invasion in an Australian
tropical grassland. Landscape Ecology 13, 93-102.
Brown, J.R. and MacLeod, N.D. (2011). Measuring ecosystem
services from rangelands. Rangeland Journal 33, 99-108.
Brown JR, Herrick JE, Price DL (1999). Managing low-input
agroecosystems sustainably: the importance of ecological
thresholds. Canadian Journal of Forest Research 29, 11121119.
Brown JR, Sampson N (2009). Integrating terrestrial sequestration
into a greenhouse gas management plan.. In: ‘Carbon
Sequestration and Its Role in the Global Carbon Cycle’ (Eds
B McPherson and ET Sundquist . pp 317-324. Geophysical
Monograph Series, American Geophysical Union,
Washington DC, USA.
Brunson MW (2012). The elusive promise of social-ecological
approaches to rangeland management. Rangeland Ecology
and Management 65, 632-637.
Chicago Climate Exchange (2009). Sustainably Managed
Rangeland Soil Carbon Sequestration Offset Project
Protocol. http://www.chicagoclimatex. com/docs/offsets
/CCX_Sustainably_Managed_Rangeland_Soil_Carbon_Se
questration.pdf (accessed 12 February 2013).
Cowling R, Ehoh B, Knight A, O'Farrell P, Reyers B, Rouget M,
Roux D, Welz A, Wilhelm-Rechman A (2008). An
operational model for mainstreaming ecosystem services for
implementation. Proceedings of the National Academy of
Sciences of the United States of America 105 (28), 94839488.
deSteiguer JE (2008). Semiarid rangelands and carbon offset
markets: a look at the economic prospects. Rangelands 30
(2), 27-32.
deSteiguer JE, Brown JR, Thorpe J (2008). Contributing to the
mitigation of climate change using rangeland management.
Rangelands 30 (3), 7-11.
Doherty KE, Naugle DE, Copeland H, Pocewicz A, Kiesecker J
(2011). Energy development and conservation trade-offs:
systematic planning for sage-grouse in their eastern range. In
‘Greater sage-grouse: Ecology and conservation of a
landscape species and its habitats.’ (Eds ST Knick and J W
Connelly)Pp 505-516. Studies in Avian Biology No. 38.
University of California Press, Berkeley, CA. USA.
Egoh B, Reyers B, Rouget M, Richardson D (2011). Identifying
1767

Brown et al.

priority areas for ecosystem service management in South
African grasslands, Journal of Environmental Management
92, 1642-1650.
European Academies Science Advisory Council (EASAC)
(2009). Ecosystem services and biodiversity in Europe.
Policy Report 09. ISBN: 978-0-85403-738-4.
FAO (2006). Livestock’s Long Shadow: Environmental Issues
and Options. ftp://ftp.fao.org/docrep/fao /010/a0701e /a07
01e 00.pdf (accessed 14 Feb 2013).
Fisher B, Turner K, Morling P (2009). Defining and classifying
ecosystem services for decision making. Ecological
Economics 68, 643-653.
George M, Larson-Praplan S, Harper J, Lewis D, Lennox M
(2011). California’s rangeland water quality management
plan: an update. Rangelands 33 (1), 20-24.
Gosnell H, Robinson-Maness N, Charnley S (2011). Engaging
ranchers in Market-based approaches to climate change
mitigation: opportunities, challengers and policy
implications. Rangelands 33 (5), 20-24.
Haines-Young R (2011). Prioritisation of Ecosystem Services for
Ecosystem Accounting. Paper prepared for discussion at the
expert meeting on the System of Environmental-Economic
Accounting, United Nations Statistical Division. London.
Hein L (2011). Prioritisation of Ecosystem Services for
Ecosystem Accounting. Prepared for the WAVES Project
and in the context of the Expert Meeting on Ecosystem
Accounting.
unstats.un.org/unsd/envaccounting/seeaLES/egm2/CarbonOP
.pdf (accessed 14 February 2013).
Herrick JE, Brown JR, Bestelmeyer BT, Andrews SS, Baldi G,
Davies J, Duniway M, Havstad KM, Karl JW, Karlen DL,
Peters DPC, Quinton JN, Riginos C, Shaver PL, Steinaker D,
Twomlow S (2012). Revolutionary land use change in the
21st century: is (rangeland) science relevant? Rangeland
Ecology and Management 65, 590-598.
Havstad KM, Peters DC, Skaggs R, Brown J, Bestelmeyer BT,
Fredrickson EL, Herrick JE, Wright J (2007). Ecological
Services to and from rangelands of the United States.
Ecological Economics 64, 261-268.
International Fund for Agricultural Development (2009). Good
practices in participatory mapping: a review prepared for the
International Fund for Agricultural Development.
International Fund for Agricultural Development.
Johnston R, Russell M (2011). An operational structure for clarity
in ecosystem service values. Ecological Economics 70,
2243–2249.
Karl JW, Herrick JE, Browning DM (2012). A strategy for
rangeland management based on best available knowledge
and information. Rangeland Ecology and Management 65,
638-646.
Kroeger T, Casey F (2007). An assessment of market-based
approaches to providing ecosystem services on agricultural
lands. Ecological Economics 64, 321-34.
Kroeger T, Casey F, Alvarez P, Cheatum M, Tavassoli L (2009).
An Economic Analysis of the Benefits of Habitat
Conservation on California Rangelands. 91 pp Conservation
Economics White Paper. Conservation Economics Program.
Washington, DC: Defenders of Wildlife.
Larson S, Smith K, Lewis D, Harper J, George M (2005).
Evaluation of California’s rangeland water quality education
program. Rangeland Ecology and Management 58, 514-522.
Lockwood M, Walpole S, Miles C (2000). Economics of remnant
native vegetation conservation on private property, Research
Report 2/00, Johnstone Centre, Charles Sturt University,
Albury .
Luck G, Chan K, Klein C (2012). Identifying spatial priorities for
protecting ecosystem services [v1; ref status: Indexed,
http://f1000r.es/T0yHOY] F1000Research. 1:17
Lueck D, Michael J (2003). Preemptive Habitat Destruction under

the Endangered Species Act. Journal of Law and Economics,
XLVVI, 27-60.
Ludwig JA, Tongway DJ (1997). A Landscape Approach to
Rangeland Ecology. In ‘Landscape ecology: Function and
management.’ (Eds JA Ludwig, DJ Tongway, D
Freudenberger, JC Noble and KC Hodgkinson) pp 1-12.
CSIRO, Melbourne.
MacLeod ND, Noble JC (2001). Reconsidering the Economic
Scope for Rehabilitating Degraded Australian Semi-Arid
Rangelands Issues Of Context, Process and Integration. In
’Land Degradation: Papers Selected from Contributions to
the Sixth meeting of the International Geographical Union's
Commission on Land Degradation and Desertification, Perth,
Western Australia, 20-28 September 1999’. (Ed AJ
Conacher), pp. 291-304. Kluwer Academic Publishers,
Dordrecht /Boston / London.
Maczko K, Tanaka JA, Breckenridge R, Hidinger L, Heintz HT,
Fox WE, Kreuter UP, Duke CS, Mitchell JE, McCollum DW
(2011). Rangeland ecosystem goods and services: values and
evaluation of opportunities for ranchers and land managers.
Rangelands 33 (5), 30-36.
Maynard S, James D, Davidson A (2010). The Development of an
Ecosystem Services Framework for South East Queensland.
Environmental Management 45 (5), 881-895.
Maynard S, James D, Davidson A (2012). An adaptive
participatory approach for developing an ecosystem services
framework for South East Queensland, Australia.
International Journal of Biodiversity Science, Ecosystem
Services and Management 7, 182-189.
McArthur SR, Chamberlain HJ, Phelps DG (1994). A general
state-and-transition model for the Mitchell grass, bluegrassbrowntop and Queensland bluegrass pasture zones of
northern Australia. Tropical Grasslands 28, 274-278.
Millennium Ecosystem Assessment (2005). Ecosystems and
Human Well-being: Synthesis. Island Press, Washington
D.C.
Murtough G, Aretina B, Matysek A (2002). Creating Markets for
Ecosystem Services. Productivity Commission Staff
Research Paper, Ausinfo, Canberra.
Nahlik AKM, Fennessy M, Landers D (2012). Where is the
consensus? A proposed foundation for moving ecosystem
service concepts into practice. Ecological Economics 77,
27–35.
Nelson E, Mendoza G, Regetz J, Polasky S, Tallis H, Cameron R,
Chan K, Daily G, Goldstein J, Kareiva P, Lonsdorf E,
Naidoo R, Ricketts T, Shaw R (2009). Modeling multiple
ecosystem services, biodiversity conservation, commodity
production, and tradeoffs at landscape scales. Frontiers in
Ecology and the Environment 7, 4–11.
Nkem J, Idinoba M, Santoso H, Perez C, Forner C, Locatelli B,
Kanninen M (2008). Prioritisation for Adaptation in Tropical
Forest Ecosystems. Working Paper No. 44.
Noble JC, MacLeod ND, Griffin GF (1997). The rehabilitation of
landscape function in rangelands. In ‘Landscape Ecology:
Function and Management ‘ (Eds JA Ludwig, DG Tongway,
DO Freudenberger, JC Noble, and KC Hodgkinson). pp. 10720. (CSIRO, Melbourne).
Pannell DJ (2001). Explaining non-adoption of practices to
prevent dryland salinity in Western Australia – Implications
for policy. In’ Land Degradation’ (Ed A Conacher) pp. 335346. (Kluwer Publishing, Dordrecht)
Raymond C, Bryan B, MacDonald D, Cast A, Strathearn S,
Grandgirard A, Kalivas T (2009). Mapping community
values for natural capital and ecosystem services. Ecological
Economics 68 (5), 1301-1315.
Steele C, Bestelmeyer BT, Burkett LM, Smith P, Yanoff S
(2012). Spatially explicit representation of state-andtransition models. Rangeland Ecology and Management 65,
213-222.

© 2013 Proceedings of the 22nd International Grassland Congress

1768

Rangeland ecosystem services

Sullivan P, Hellerstein D, Hansen L, Johansson R, Koenig S,
Lubowski RN, McBride W, McGranahan D, Vogel S,
Roberts M, Bucholtz S (2004). The Conservation Reserve
Program: Economic Implications for Rural America.
Agricultural Economic Report No. (AER-834) 112 pp,
October 2004.
USDA Economic Research Service.
Washington DC USA.
UK National Ecosystem Assessment (UK NEA) (2011). The UK
National Ecosystem Assessment Technical Report. UNEPWCMC, Cambridge.
Whisenant SG (1999). Repairing Damaged Wildlands: A
Process-Orientated, Landscape-Scale Approach. 328 pp.
(Cambridge University Press: New York, NY USA).

© 2013 Proceedings of the 22nd International Grassland Congress

Whiteman G, Brown JR (1998). Assessment of a method for
mapping woody plant density in a grassland matrix. Journal
of Arid Environments 38, 269-282.
Whitten S, Shelton D (2005). Market for ecosystem services in
Australia: Practical design and case studies. CSIRO
Sustainable Ecosystems, Canberra.
Woinarski JCZ, Legge S, Fitzsimons JA, Traill BJ, Burbidge AA,
Fisher A, Firth RSC, Gordon IJ, Griffiths AD, Johnson CN,
McKenzie NL, Palmer C, Radford I, Rankmore B, Ritchie
EG, Ward S, Ziembicki M (2011) The disappearing mammal
fauna of northern Australia: context, cause, and response.
Conservation Letters, 4 (3), 192-201

1769

